Glial scar and axonal regeneration in the CNS: lessons from GFAP and vimentin transgenic mice.
Astrocytes play an active role in the brain and spinal cord. For example, they have a function in formation and maintenance of the blood-brain barrier, ion homeostasis, neurotransmitter transport, production of extracellular matrix, and neuromodulation. Moreover, they play a role in preserving or even restoring the structural and physiological integrity after tissue injury. Currently, the function of astrocytes was studied with regard to the controversially discussed aspects of permissivity on the one-hand-side and inhibition of the other side exerted by reactive astrocytes for axonal regrowth in the adult CNS. Accordingly, knock-out mice deficient in vimentin (VIM) and/or glial fibrillary acidic protein (GFAP), the two major IF-proteins of astrocytes, were investigated. In addition, in vitro studies were carried out, on whether the absence of one or both proteins (VIM, GFAP) influences axonal regeneration. In experimental animals, a hemisection of the spinal cord was performed utilizing the above mentioned double-mutant mice. The knock-out mice were generated by gene targeting. Double-mutants were obtained by crossing single null mice. The in vitro results indicate that both VIM and GFAP were absent in astrocytic cultures obtained from double-mutant mice. On the other side, the proteins were detected in more than 85%, of cultured cells from wild types. Co-culture of mutant mice astrocytes with neurons revealed that the neuronal density was different from that obtained in culture with wild type astrocytes. On the other side, there was a marked increase in neuronal density in co-cultures utilizing both GFAP knock-out- or double-mutant mice astrocytes again as compared to co-cultures with wild type astrocytes. Moreover, the neurite length of neurons was significantly increased in experiments with neurons growing on astrocytes from GFAP-knock-out or double-mutant mice. The in vivo experiments demonstrate an increase of nestin (NES) immunoreactivity at three days in the sectioned side of the spinal cord, in the perikaryon and astroglial processes. In double-mutant mice only a slight increase in NES-immunoreactivity was found in the lesion side, albeit confined to the perikaryon of astrocytes. Below the lesion, serotonin immunostaining was dramatically reduced three days after the insult in both sides, particularly in the lesion side. The decrease was more pronounced in double-mutant than in wild type mice. On the other side, double-mutant mice had a much higher density of serotonergic fibers in the ventral horn in the lesioned side. In conclusion, the findings demonstrate that in the absence of important astrocytic proteins as VIM and GFAP, the astroglial response to injury is significantly modified underlying reduced scar formation. Attenuation of scar formation may enhance axonal sprouting of serotonergic axons below the lesion, which specifically reinnervate motoneuron pools.